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fT) (54) Title: PAREimiUL formula™ 

^ (57) Abstract: A process for formulating certain epothilone analogs for parenteral administration is disclosed wherein the analog 
is dissolved in a mixture of at least 50% by volume tertiaryrbutanol in water, the mixture is lyophilized, the resulting lyophilized 
2 product is packaged in one vial with a sufficient amount of solvent comprising anhydrous ethanbl and a suitable rionionic surfactant 
in a second vial. All steps are carried out with protection from light In use, the contents of the second or diluent vial are added to 
(5 the lyophilized product and mixed to constitute the epothilone analog and the resulting solution is diluted with a suitable dilueiit to 
produce a solution for intravenous injection containing the epothilone analog in a concentration of from about 0.1 mg/mL to about 
0.9 mg/mL. A preferred surfactant is polyethoxylated castor oil and a preferred diluent is Lactated Ringer's Injection. 



wo 02/062338 



PCTAJS02/01102 



PARENTERAL FORMULATIONS CONTAINING . BPOTHILONE ANALOGS 



5 Cross-Reference To Related Application 

This appUc^tion claii^ 
60/264,228, filed January 25, 2001, incorporated lierein by ireference in its aitirety. 



10 \ Field of the Invention 

The present invention relates to an improved formulation for parenteral 
administration of certain epothiloiie analogs that are charactaized by enhanced 
clinical efiBcacy. 

15 Bacl^oimd of the Invention 

Epothilones are inacroUde cdrnpoim 
field/For example, Epothilones A md R 




O OH O 

20 • \Eppthil6neA RHH 

EpoHriloneB R^Me 

may be found to exert microtubiile-stabilizing effects similar to paclitaxel (TAXOL®) 
and hence cytotoxic activity against rapidly proliferating cells, such as, tumor cells or 
25 other hypeiproliferative cellular disease, see Hofle et a/., Angew. ChenL Int Ed 

EngL , Vol. 35, No.13/14, 1567-1569 (1996); WO 93/10121 published May 27, 1993; 
and WO 97/19086 pub^^^ 

Derivatives and apalogs of Epothilones A and B have been synthesized and 
may be used to treat a variety of cancers and other abnormal proliferative disea^.. 
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Such analojg^ are diisclosed in Hofle et ah. Id.; Nicolaou etdl^ Angew Chem. Inl Ed. 
Engl.; Vol. 36, Nd; 19,2097-2103 (1997); and Su etiaL, Angew CKein. Ini Ed. Engl-y 
Vol. 36, No^ 19, 2093-^097 (199^^^^^ 

Analogs of the epothUones tlmt have been 



5 are represented by formula I: 




I 



\isiierein the various symbols are as defined below. While fliese compounds possess 
10 signific^ttheraipeutic properties, ^f^^ 
art of pharmaceutical compouncfing; as 
detailed hereinbelow; In accordance with the pi^ent invenitio 
been found whereby the epothilone analogs described above can be safely dispensed 
and administered via inje^ 
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Summar)^ of the Inyentipii 

The present invention describes ia fonnulation and the preparatiott thereof fo^ 
epothUohe analpgs represented by foimu^ 




wherein the various symbols are as dejBned belov/. In the formulations of the present; 

invention, the epotWlone analog is initiaUy solubilized with a I 

butanol and water and then lybphilized under optimized conditions. The lyophilized 



10 anhydrous ethaiiol, and thereafter diluted with Lactated Rinjger^s Injection to a 



/ DetaUed Description of the Invention 

tlie process of the present inyentib 
15 theadiiiinistrationofepothiloneaiia^ 




OH 



3' ;■ • 



O OH O 



-3- 
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As used in formula I and tfaroug^out the specification, Q is selected fix)m the groiQ) 
consisting of : ; 

j and 

: M is selected from ihe graup coM^ 
5 ' each R\ R?, R^, R", R^^ R", R^^ and R*^ is, independently, 

sdected from the group consist^ 
substituted 
; to fbnn cycloalkyl; 

R^ is selected from the group comisting of hydrogen, al^ 
10 aryl, substituted aryl, cycloalkyl, het^obyclo and substituted heterocyclo; 

R* is selected from the group Consisting of hydrogen, alkyi, substituted alkyl, 
V R^^C-O,^^^^ 

each R,^ and R^^ is, independently, selected from the group consisting of 
hydrogen, halogen, alkyl, substituted alkyl, aryl, heterocyclo, hydroxy, R^^C>=0, and 
IS i}^(K>0. ■ 

: '!nie foUoydng are definitions of various terms used herein to deiscribe the 
present inventi^^ These definitions apply to the t^ins as t^^ 
this specification, unless ott^rwise limited in specific mstances, either individually or 
/ as part of!a^l 

20 : The term - -alkyr' refers to optionally substituted strai^t- or branched-chain 

saturated hydrocarbon groups haying from 1 to about 20 caibon atoms, preferably 
fixim 1 to about 7 carbon atoms. The expression *iower al^ refers to optionally 
substituted alkyi groups having from 1 ito abpiit 4 carlx^^ atoms. 

The term "substituted alkyl" refers to an alkyl group substituted by, for 

25 example, one to four substituents, such as, halo, trifluoromethyl, trifludromethojcy, 
hydroxy, alkojQ^, cycloalkyoxy, heterocylooxy, oxo, alkanoyl, aryl, aryloxy, aralkyl, 
all^oylpxy, amino, alkylamino, arylamino, aralkylamino, cycloalkylamino, 
heterocycloarnino, disubstituted amino in winch the two substituents on flie amino 
group are selected from alkyl, aryl, aralkyl, alkanoylamino, aroylamino, 

30 £u:alkaiioylaniino9 substituted alkanoylamino, substituted arylamuio, substituted 
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aralkanoylanadno; thiol, a% 

heterbcyclothio, allgrlthiono, arylthioho, aralkylthiono, al^rls^ aiylsulfpnyl, 
' ai^ilkylsiilfonyl, sulfonamido (e.g. , SO2NH2), substituted sulfonamidoj nitro, cyaiipi 
carbbxy/carbamyl (e.g., CONHa)/^ 
5 aryl, CONH aralkyl or instances where there are two substituents on Ihe rdtrogeh 
selected from alkyl, aryl or aralkyl), alkoxycarbonyl, aryl, substituted aryl, guanidirio 
and heterocyclos, such as, indolyl, imdazolyl, 

■ pyridyljpynirddyland^^ Wherein, as noted above, the substituim 
are further su^ further substituents are selected from the group consisting 

10 of lialbgen, alkyl, alkoxy, aiyl and aralkyl. The definitions givenhereinfbr alkyl and 
substituted alkyl iapply as well to the alkyl portion iaf alkoxy groups. 
The terna "haloge^^^ 
The terin "ling system" refers to ari^ o^^ 
coiataiiunig one to three rings and at lesast one carbon to carbon double bond in at le&sf 
15 one ring. Exemplary ring systems include, but are not limited to, an aiyl or a partially 
or fuUy umaturated heterocyclic im 

The term "aryl" ref^^ 
having from abbut 6 to about 12 carbon atoms in the ring portion, for exanaple, 
phenyl, naphthyl, biphenyl and diphenyl groups, each of which may be; substituted, 
20 The term "aralkyl" refers to an aryl group bonded to a larger entity through an 

alkyl group, for example, a benzyl group. 

Tlie tenn "substituted aryl" refers to an aryl group substi 
one to fpur substituents such as alkyl; su^ 
trifluoronaethoxy, hydroxy, alkoxy, cycloalkyloxy,heterocycld6 
25 dkanoyloxy, ancdno, alkylamino, dialkylanuno, aralkylamino, cycloaliiylammb 
heterocycloaihino, alkanoylamino, tMbl, al^ 

ureidb, nitro, cyano, carbbxy, carboxyalkyl, carbainyl, alkoxycarbbnyl, alkylthiono, , 
arylthionb, alkyrsulfonyl, sulfonamido, aiyloxy and the like. The substituent may be 
further substiti^ or inoire members selected from Ifaiei gjioxsp consisting of 
30 halo, hydroxy, alkyl, alkoxy, aryl, substituted alkyl, substituted aryl and aralkyl. 

The term "cycloalkyF' refers to optionally isubstituted saturated cyclic 
hydrocarbon ring systems, preferably containing 1 to 3 rings and 3 to 7 carbons per 
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ring, which may be further fused with an unsaturated C3-C7 carbocyclic ring. 
ExCTiplary groups mclude cyclopropyl, cyclpbutyl, cyclopenlyl, cyclohexyl, 
cycloheptyl, cyclpoctyi, cyclodecy^l, cycloddde Exemplary 
substitiients include one or more alkyl groups as described above, or one or more of 
5 the groups described above as substituents for alkyl groups. 

The terms "heterocycle" 'lieterocyclic'' and "heterocyclo" refer to an 
optionally substituted, unsaturated, partially saturated, or fidly saturated, aromatic or 
nonaromatic cyclic group, for example, \yhich is a 4 to 7 membered monocyclic, 7 to 
11 itnenibered bicycUc, or 10 to 15 memb 
10 one hetexoatoin in at least one; carbon atom'^contEiining ring. Each ring of the 

heteiwyciic group contain^ a heteix>atdm may have 1, 2 or 3 heteroatoms selected 
fiom nitrogen atoniSj oxygen at^^ 

heteroatoms may also optionally be o>ddized cm^d^&^^^ may also 

optionally be quatemizbd The heterocyclic gyoup n^ 
15 or carbon atom. 

Exemplary monocycUc hQterpcycUc groups inch^ 
indolyl, pyrazolyl, oxetanyl, pyrazolihyl, imidazblyl, inudazolinyl, imidaiolidinyl, 
bxazolyl, oxazolidinyl, isoxazblinyl, isoxazolyl, thia2x>lyl, thiadiazolyl, thiazolidinyl, 
isothiazolyl, isotliiazolidinyl, furyl, tetrahydrofuryl, thienyl, oxadiazolyl, piperidinyl, 
20 piperazinyl, 2-oxopiperazinyl, 2-oxopipiBridinyl, 2-oxopyrrdUdinyl, 2-^^^ 
azepinyl, 4-piperidonyl, pyridyl, N-oxo-pyridyi, ^ 

tetrahydropyranyl, tetrahydrothiopyranyl, tetrahydrothiopyranyl sulfone, morpholihyl, 
thiomorpholinyl, thiomorpholinyl sulfoxide, thiomoipholmyl sulfone, ijSrdioxolane 
and tetrahydro-1, l-dioxothienyl, dioxaiiyl, isothisusolidinyl, thietanyl, thinanyl, 
25 tria2anyl,andMazolyl, andthelike.^^^ ^^^^^^^^^^^^^ 

Exeioiplary bicyclic heterocyclic groups mclude benzothiazolyl, ben2» 
benzothienyl, quinuclidinyl, qumolinyl, quinolinyl-N-oxide, tetrahydroisoquinolinyl, 
isoquinolinyl, benzimidazolyl, benizopyranyl, indpliziiiyl, benzofuryU chromonyt 
eoumarinyl, cinnolinyl, quino>calinyl, indazolyl, pyrrolopyridyl, foiopjmidinyl (such as 
io- furo[2,3-c]pyndinyl, furofS^-blpyridmyl] or fiiro[2,3-b]pyridmyl), dihydroist^^ 
dihydroquinazolinyl (such as 3,4-dihydro-4-6xo-quina2olinyl), benzisottiiazolyl, 
benzisoxazolyl, benzodiazinyl, benzofurazmyl^ 
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benzpyrazolyl, diliydroben2»furyl, dihydrobenzothienyl, d^hydrobenrothiopyranyl, 
dihydrobenzotWopyranyl siilfone, dihydix)benzopyranyl/mdolinyl, is 
isoindoliiiyl, n^hthyridinyl, phthalazinyl, piperonyl, purinyl, pyridopyridyl, 
quinazolinyl, tefrahydrpquinolinyl, thienofu^ thienopyridyl, thienbthienyl, and the 
"^5'-" \like.;" ■ ■ ■ 

Exemplary substituents foi* &e tenns "ring system," "heterocycle," 
"heterocyclic,*' and "heterocyclo" include one or more substituent groups as described 
above for substituted alkyl or substituted^ 
V q>oxides, az^ : 
10 Thetenn"alkanoyrre^ 

^^^^"^^^^^^^^^^^^ ^ T^^^ 

The compounds represented by formula I form salts wilfa a variety of organic 
and inorganic acids. Such salts includ 
15 hydrogen bromide, inethanesulfonic acid, hydroxyefliahesulfonic acid, isfulfuric acid, 
acetic aci^ tnfluoroacetic abid, inaleic acid, benzenesulfonic acid, toluenesulfonic 
acid and various others as are recognized by those of ordinary skill in the art of 
pharmaceutical compounding. Such salts are formed by reacting a coinpound ^ 
represented by formula I in an equivalent amount of the acid in a mediurn in which 
20 the salt precipitates or in an aqueoxis medium followed by evaporation. 

In addition, zwitterions ("inner salts'*) can be formed and are included within 
the term salts as used herein. 

A particiilarly preferred eppthilone anialog within those represented by 
;foiimilaiis[lS-[^^^ ; 
25 8,8ii042,16-pentaine<hyl-3-[l-mefhyl-2-^^^ 

oxabibyclo[14. 1 .6]heptadecane-5,9-<lione represented by formula H 
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The compounds represented by formulae I and II above and their preparatidn 
5 . are described in U.S. patent applicatipn Serial No. 09/170,582, filed October 13, 
, 1998, the disclosure of which is incorporated herein by reference. The compounds 
represented by fonnulae I and n above may exist as mtdtiple 0 
stereoisomers. While the compounds shown herein are depicted for one optical 
orientation, included within the preseint invention are 
10 tiereof. 

The compoiinds represented by formulae I and 11 above are micrptubiole- 
stabiliang agents, Tliey are tluisusefid in the treatment of a variety of 
other proliferative diseases iniciuding^ but ^ 

carcinoma, including that of the bladder, breast, colon, kidney, liver, lung, 
15 ovary, pancreas, stomach, cervix, thyroid and skin, including squamous cell 
carcinoma; 

hematopoietic tumors of lymphoid lineage, including leukemia, acute 
lymphocytic leukemia, acute lymphoblastic leukemia, B-cell lymphoma, T-cell 
lymphoma, Hodgkins lymphoma, non-Hodgkms lymphonaa, haiiy cell lymphoma and 
20 , Burketts lymphoma; 

hematopoietic til^ors of myeloid lineage, m^^ 
imyelogenous leukemias and promyelocytic leuke^^ 

tumors of mesenchymal origin, including fibrosa 
rhabdpmyoscarcoma; 
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other timiors, incliuling melanoma, 
neitpblastojak and gUoma; ^ 

tomors of Ihe centrd and periph^ 
: neuroblastoma, gUoma, and sehwaimomas; 
5 tmors of mesenchymal origin, including fi^^ 

: and ostebsarcomia; and 

other txunors, including melanoma, xerodem 
keratoacanthoma, seminoma, thyroid foU^^ 

io . TTie compounds rep 

angLogehesis, thereby affecting the growth of tumors and providing treatmetit of 

compounds represented by formulae I and II will Mso be useM m the treatment 

piher conditions responisive to anti-aoigiogehesis agents including, but not limitedto, 
15 certain forms of blindne^ related 

inflaimnatpry artlm 

Compounds represented by foimulae I ^d It will induce or inhibit apoptosis, 

at physiological cell death process critical for nohnal development and faoitneostasis. 

Alleratipns of apoptotic pathways contribute to tile pathogenesis of a variety of 
20 human diseases; Compounds represented by form^^ 

apoptosis, will be usefvd in the treatment of a variety o^ 

aben-ations in apoptosis including, but not limited 
; immune response related diseases, viral inf^ 

musculoskeletal system and kidney ^ 
25 Eju^hpf the compounds represented by fon^ 

formiilated or co-administered with other therapeutic agents diat are selected for their 

particular usefulness m ; 
: conditions. For example, each of die compounds of formulaie I ^md II may be 

\ formulated with agents to prevent naiisea, hypersensitivity, and gastric irritation, such 
36; as anti-emetics, arid Hi aiid H2 antihistamines. The above therapeutic agents, wh^ 

employedin combirmtion i^th tiie com^ 



-9- 
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those amdmits Mdicated in the Physi^^ 
deteiminwi by one of brdinaiy skiU 

Furthermore, compounds of fonnulael orn maybe adm^mistered m 
combination with other anti-cancer and cytotoxic agents and treatments usefbl in the 
5 treatment of cancer or other proliferative diseases. Especially useful are anti-ciancer 
arid cytotoxic drug combinations wherein the second drug chosen acts in a different 
miamer or different phase of the cell cycle, e.g. , S phase, than the present compounds 
of formula I and n \^Qh exert their effects a 

anti-canceir md cytotoxic agents include, but are not limited to, alkylating agents, 
10 such as rdtorgeri mustards^ 

triazene^; antimetabolites, such as folate antajgbnists, purinb aiudogues, and 

pyriiiiddine ^nalog^ mtibiotics, such as ahthracy clines, bleoinyians, mitomycin, 

dactinomycin, andpKcamycin; e^^ 

transferase ioihibitors; ^h^ 
15 , estogens/ahtiestrogeiisV^ progestins, and luteinizing 

hprmdrieTreleasirig hormone anatagoriists, octreotide acetate; micrptubiderdisruptor 

agents, such as ecteinascidins or their analogs and derivatives; nucrotubule^stabiliizdi;^ 

agents such as paclitaxel (Taxol®V 

such as vinca alkaloids, epipodophyllotoxins, taxanes; and toppisomerase inhibitors; 

20 prenyl-protein transferase inhibitors; and miscellaneous agents such as, hydroxyurea, 
procarbazine, mitotane, hexamethylmelamine, platinum coordination complexes such 
as ci^latin and carboplatin; and other agents used as anti-cancer and cytotoxic agents 
Sfuch as biological response modifiers, growth factors; immune modulators, and 
moiioclorial antibodies. Compounds represented by formulae I and 11 may alisp bp 

25 used in conjunction with radiation therap 

Representative examples of these classes of anti-cancer and cytotoxic agents 
include, but are not limited tP, mechloiethamirie hydrpchlordie, cyclophosphanude, 
, chlorambucil, melphalan^ ifosfamide, busulfan, cannustuia* Ipmuistjne, semustiiie, 
streptozqcin, thiotepa, dsu^aadne, methotrexate, tiiioguanine, mercqitopurihe, . 

30 fludarabine, pentastatin, cladribin, cytarabine, fluoipxiracil, doxorubicin 
hydrochloride; daunorubicin, idambicm, bleomycin sulfate, mitomycin C, 
actinomycin D, safiacins, saJSramycins, 
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vinblastine, vinorelbine tartrate, etoppside, teniposide, paclitaxel, tamo^&x^ 

est]:aniustine, estrami^ 

ptMidides, diyheses/levainisple, aflaw^ 

fUgrastini, sargrarnostim, ritaximab, i3CG, tretinoin, irinotecah hydrochloride^ 
5 betamethospne, gemcitabine hydrochloride, altretamine, and topoteca and any analogs 
or derivatives thereof. 

Prefen-ed members of these classes include, bxit are no^ 
cisplatin,carboplatin, doxorubicin, carminomyc^ 
rnethbtrexate, meth^ 

10 fluorouracil, 6-mercaptopiirine, gemcitabine, cytosine arabihoside, podpphyllotpxin 

or pbdophyUotoxin derivatives s 

melphalan, vinblastine, vinOT 

Examples of anti^s^cer and otih^^ i^^ 

cyclin dependent kinase ihhibitois M 
15 transferase inhibitors as found in WO 97/30992^^^ 

Without being bound by aby theory regarding mechanism or morpholo^, the 

compounds represented by formulae I and il may also be used to treat conditions 

other than cancer or other proliferative diseases. Such conditions include, but are not 

limited to viral infections such as herpesvirus, poxvirus, Epstein-Barr viruSj Sindbis 
20 vinis and adenovirus; autoinunime diseases such as systeM 

irnmune mediated glomerulonq)hritis, rheumatoid arthri^^ 

bowel diiseases and autoinmume diabetes mellitus; neurodegenerative disorders such 
as Alzheimer's disease, AIDS-related dementia, Parkinson's disease, amyotrophic 
lateral sclerosis,, retinitis pigmentosa, spinal muscular atrophy and cerebellar 
25 degeneration; AIDS; myelodysplastic syndromes; aplastic anemia; ischemic injury 
Associated myocardial iiiferctions; stroke md 

arrhythmia; atiierbsclerosis; tdxin-mdiiced or alcohol iiiduced liver diiseases; 
hematological diseases such as chronic anemia and aplastic anemia; degenerative 
diseases of the inusculoskeletal system such as osteoporosis and arthritis; aspirin^ 
30 sensitive rhinosinusitis; cystic fibrosis; multiple sclerosis; kidney diseases; and cancer 
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The effective amoiint of a 
detemuned by one of ordinary skill in the art, and includes exemplary dosage 
amounte for a human of jfrom about 6.05 mg/kg/day to about 200 mg/kg/day, which 
may be administered in a single dose or in the form of individual divided doses, isuch 

5 as from 1 to about 4 times per day. Preferably, the compounds are admiiustered ih ia 
dosage of less tiian about lOO mg/kg/day, in a single dose or in about 2 to abdut4 
divided doses. It will be imderstood that the specific dose level and frequency of 
dosage for any particular subject may be varied a^^^ 
factors includmg the activity of the specific CO 

10 stabiUty and length of action of that compound, the species, agb, body weight, general 
healtii, sbx and diet of the subject, the niode and time of admiiustratioiii, rate of 
excretipn, drag cdmbinatio^^ 

subjects for tieatment include aitimals, most preferably mammalian species such as 
humans, and domestic aj^^ 
15 aforementioned disoiders. ■ 

The compounds represented by formulae l and H, particularly the latter, are < 
disadvantageous from the viewpoint oif compounding a suitable fomitilation for . 
administKrtion in that they possess very low solubility iii aqueous media, rapidly 
degrade in contact with aqueous media, are sensitive to low pH when in solution, are 
20 light sensitive, are "Class D" cytotoxic and have exceptionally poor wetting 

characteristics. Any one or two of these characteristics nught be compensiatedfor^ 
compounding a pharmaceutical formulation for intravenous administratiori, but the 
combination of all of them presents a formidable challenge to the pharmaceutical , 
compounding chemist. Given the constraint that materials to be utilized in 
25 compounding an intravenous fonnulation must be approved 
adnunistration, tiie fom 

utiexpectedly was found to be suitable for overcoming the disady^tageous properties 
: of the subject epothilone ancilogs as noted above. Initially^ because oif the &ct 'that the 
subject qpothilone analogs are poorly soluble in aqueoiis media arid, in feet, rapidly 
30 degrade m contact therewitii, it was decided that they should be formulated in 
lyophiiized fi>rm; 
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It has been found that a suitable medi^ 
cojiipounds for lyophilization is a inixture of tertiary-butanol and water for injectioia. 
Tiiis mixture must be at least about 50% v/y, preferably fix)m about 50% to about : 
80% v/y tertiary butanol to prevent degradation of the OT^^ 
5 Further, due to the exceptionally poor wetting characteristics of iiiie subject epothilone 
analogs, the initial solution must be effected utilizing a mixture of at least about 60^ 
v/v, preferably from about 60% to about 95 % v/v, tertiary butanoi and water. Once 
the solution is made, the requisite amount of water or tertiaiy-butanol-water rnixture 
(^ Wadded to acW^ the final concentration for lyophilization as stated above. 
10 / It has unexpectedly been found that the sta^ 

analogs can be significantiy enhanced by carrying out the preparation of the solution 
at a temperature below ambient, preferably from about 5®C to about IS'^G, more 
preferably about 5**C. Further, both the process of forming the solution arid 
subsequent lyophilizatibn are to be carried put in vessels siich that the epotfailone 
15 analogs are protected from exposure to light. It is also beneficial to cariy out the 
lyophili2ation in comparatively smaU batehes so^^^ 
exposed to an aqueous medium for a minimum amount of tune. 

The primary drying stage of lyophilization of the solution formed as described 
above is carried put at temperatures from about ^lO^'C to about t40®C, preferably 
20 about -25'*C, under high vacuum, from about 50 millitorr to about SOOmillitorr, 
preferably about 200 niillitorr, for ah extended period, /Ve., from about 24 hours to 
about 96 hours, preferably about 48 hours. Lyophilization in this tem|)erature range 
produces an amorphous product which is desirable for an mtravenous preparation. 
Iliose of ordinary skill in the art will appreciate that conventional procedures, such as 
25 jpowder X-ray dif&actioi^ 
. lyophiliLz^ 

The residual solvents in the product are removed by a secondary dryinjg st^e 
that is carried out at comparatiyely low tempfc ile., froni about lO^G to about : 
* 30**C, prcferd)ly ab6ut25*?C,iinde 
30 about 300 millitorr, preferably about 150 millitorr for an attended period, i.e., from 
about 24 hours to about 96 hours, preferably about 48 hours. 
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It has unexpectedly been found that the stability of lyophilized epothilone 
analogs described herein are not enhanced by excijpients commonly utilized for such 
pmposes, such as lactose, manmtol/^^ Catednof tbese excipii^^ 

may actually have a negative effect on A.e stability of the lyophilized product 
5 (lybphile). Hence, ^e epothilone analogs formulated in accordance with the present 
invention are lyophilized neat, without any excipient. 

The lyophilized epothilone analogs represented by forniul^^^ 
reconstituted with a mixture of equal parts by volume of Dehydrated Alcohol, USP 

and a noniordc surfactant, preferably a polyoxyethylated 
10 avmlable from GAF Corporation, 

Cremophor EL. TTie lyophilized product and vehicle for reconstitution are packaged 
sepsiirately in appropriately lightr-protected vials. To minimize the £unount of 
surfactant in the reconstitiited solution, only a sufEicient amount of the vehicle is 
provided to form a solution having ia concentration of about 2 mg/mL to about 4 
15 mg/mL of the eppthilohe analog. Once dissolution of the drug is achieved, the 

resulting solution is fidlher diluted pri^^^ to injection with a stable; piarenteral diluent 
Such diluents are well known to those of ordinary skill m lh^ art These dilueiri^ 
generally available in clinical &cilitie3. It is, however, v^tiiin ^e scope of the presebt 
invention to pack^e the subjept epofliilone analogs with a third vial containing 
20 suf&cient parenteral diluent to prepare the final concentxatioh for adinmistration: A 
preferied diluent is Lactated Ringer's Injection. The final concentration for 
administration would preferably contain from about 0.1 nig/mL tp about''6.9 ing/mL 
of the epothilone analog. 

The final dilution of the reconstituted epothilone analog in the formulation of 
25 the invention rnay be earned out with other prepay 
example, 5% Dextrose Injection, Lactated Ringer's and 

Water for Injection, and the like. However, because of its narrpw pH range, pH 6.0 to 
7,5, Lactated Ringer's Injection is preferred. Per l6o mL, Lactated Ringer's Injection ; 
contains Sodium Chloride USP 0.6 g, Sodiuni Lactate 0.31 g, Potassium chloride U$P 
30 0.03 g and Calciiim CMoride-2H20^U^ bsmolarity is 275 mOsmol/L/ 

Vv^ch is very close to isotonicity. 
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nie constitated preparation according to the present invention, if. e. , the 
solution of the epoMlpne analog in 
up to about 24 hours before beiiig further 

found that the incidence of allergic reactions encountered due to the presence of the 
5 surfactant in the forniiilation is minimi2»d by 
: iiT>ihimiiim necessary to effect solution of the epothilbne analog. Further, the incidence 
. of such reactions is about the same as has been pxperienced with other jparenterally 
administered pharmaceuticals containing it, such as cyclosporine. This observed level 
of allergic reactioii with the present fonriulation is significantly lower that has been 
10 experienced with pertain other oricplogy iagents, such ais Paclitaxel. The fiii^ dilution 
is adnuniistered by intravenous infiision, typically bVer a period of up to an hour, 

TTtie foUowing illustrate this practice of the 

preisent iiatvmtion^ ; 

15 [1S-[1R*,3R*(E),7R^^0S*,11^^^ 
pentamethyl-3'i[I-me11iy^^^ 

oxabicycloil4.i .0]hept^ecahe-5,9-^one, 9.86 g, was wetted/partially disisolved with 
600 mL of a 9:1 mixture of tertiary butanol and Water for Injectipn USP which had ; 
been pre-cooled to 5°C. Once the drug powder had become completely wetted, 
20 dissolution was completed by the addition of 600 mL of a 1 :9 mixture of tertiary 
butanol and Water for Injection and 766 ihL of a 1:1 mixture of terti 
Water for Injection which likewise had been pre-copled to S'^C thereby making the 
fibal sol^^ The dissolution was darned out un^^^^ 



25 lie solution formed above ^\^^ 

. lyophilizer at -16®C under Kght protectant conditio 
iteultM lybphil^ 

vacuum for 48 hours" No detectable degnidatiori of the drug was observed during 
; these procedures. The lyojphile wais packageid under sterile conditions into 30 mL 
30 vials, each containing 10 mg of drug and stand^^ 
vial/needle/syringe loss. 
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The lyophUe is reconstituted 
Dehydrated Alcohol USP and Cremophor EL®^ 

the drug in a separate viad, to achieve a final drug concentration of 2 mjg/mL. Qi^^ 
dissolutipn is effected by gently twirling the vial, the resultant 
5 achieve a concentration of 0.2 mg/mL by the addition of 9 mL of Lactkted Ringer's 
. for Injection for each milliliter of constituted drug product. 



r) 



r16- 



WO02/062338 



PCT/US02/01102 



What is claimed is: 

1 . A process for formtilatmg, for pareii^^ administration, an epothilqne analog 
represented by formula I: 




wherein: 

Q is selected firom the group consisting of : 



and 




M is selected from the group consisting of oxygen, sulfur, NR^, and (31^^^; 
each R\ R\ R^ R^ R^ R^i R*?, R^^ R^^ R^^ and R^^ is, independently. 



substituted aryl and heterocydo, arid vdierein R^ aiid R^ are aUcyl, they can be joined 
to form cycloalkyl; 

R^ is selected from the group consistmg of hy 
aiyl, substituted aryl, cycloalkyl^ heterpcyclo and substituted heterocyclp; ; 

R* is selected from the group consisting of hydrogm, alky 1, substituted alkyl, 
r"C=0,R^^OC=0 audR^^SOi; and 

each R^ and R^® is, indepaidently, selected from the groujp consisting of 
hydrogen, halogen, alkyl, substituted alkyl, aryl, heterocydo, hydroxy, R^'*C=0, and 
:R^^(>0; • 

and any salts, solvates, or hydrates thereoi^ comprising the following steps carried out 
under protection from light: 
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a) dissolving said epdthUoneandog in a inixt^ - 
volume teiliaiy-butanoi in water to^fo 

: b) peiformlng primary dtying of said solution at a temperaturei of from about 
-l6**t to about -40''C under hi^ v^^ 

millitprr for from about 24 hours to about 96 hours to form a lyophilized product; 

c) performing secondary drying of the resultant lyophilized product at a 
temperature of from about 10 to about 30°C under high vacuum of from about 50 
riiilUtorr to aboiit 300 miUitorr^fo^ about 96 hours; and 

:d) packaging said lyophilized product in a first vial in combination with a 
secoiid vial contdiito of an equal mixture by vbliime of a 

suitable npnidxuc s^ 



2. The process of claim 1 v^ereiii said epothilone aiialog is represented by 
fornmlall: 

■ . : . " Me 




O OH O 



n 



3. The process of claims 1 or 2 wherein in step a) said an£ilog is first wetted with 
a mixture of at least about 60% tertiary-butanol in water, and then sufficient water, or 
a mixture of tertiary-butanol and water, is added thereto so that die resulting solution 
contains from about 2 mg/mL to about 30 mg/mL of said analog in amixture of from 
abput 50% to about 80% by volume tertiar^ 



4. Ihie process of claim 3 wherein in step a) said analog is initially wetted with a 
mixture of from about 60% to abput 95% by volume tertiaiy-butanoi iii water. 
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5. ITiepro^^ 1 or 2 wherein said primary drying in 

out at a temperature of about -25°C add a pressure of about 200 millitorr for about 48 
hours.' . 

6. The process of claims 1 or 2 wherein said secondary dr)ing in step c) is 
carried out at a temperature of about 25°C and a pressxire of about 150 rnUlitorr for 
abbut48lK>urs. 



7i The process of claims 



8. The process of claim 7 wherein sadd sec^^ 



said ansQog therein. 

9. A pharmaceutical preparation comprising, ia separate vials, a lyophilized 
epotMone analog and a quantity of a solvent therefor such that when t^^ contents of 
said vials are combined, the resulting solution contains from about 2 mg/mL to about 
4 mg/mL of said analog, said solvent comprising a mixture of about eqiml parts by 
volume of dehydrated ethanol and a suitable honionic surfactiant, said analog b^ing 
r^resOTted by forna^ula I: 




v^erein: 



.19 
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Q is selected from the group consisting of 



iEUld 




M is selected from the group consisting of oxygeii, su^ 

eachR\R^,R^,R^,R^,I^^^ 
selected from fhe^oup consisting of hydrogen, alkyl, substituted alkyl, aryl, 
substituted an4 heterocyclo, and wherein and jR^ are alkyl, they can be joined 

R^ is selected from ^^^^ consist^tag of hydiiogen, a^ 
aryl, siibstituted aryl, cydoalkyli 

R* is selected from tihe gtpup consisting of hydrogen, alkyi, substi^ted alkyl, 
r"C==<), R*^OC=0 and R'^SOa; and 

each R^ and R^^ is, independently, selected from the group consisting of 
hydrogen, halogen, alkyl, substituted alkyl, aryl, heterocyclo^ hydroxy, R^'^CK), and 

•R^^oc=o;:; ")'■■■■■■ y 

and aiiy salte, solvates, or hydi^^ 

10. The pharmaceutical preparation of claim 9 wherein said epothilpne analog is 
represented by formula H: 



Me 



.xOH 




OH O 



n 
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11. 



IH>ly6thoxylated castor oU, 



12, A process for forming a pharmaceutical composition for parenteral 
adniiiustratipn comprising mixing the contents of the vials of the pharmaceutical 
preparation of any of claims 9, 10 and 11 to effect solution of said lyophilized 
epothilpne analog and diluting the resultant solution with a quantity of a suitable 
parenteral diluent such that the concentration of said analog thprein will be from 
abou^^ 



13. I The process of claim 12 >^erein ssdd dilijent is Lacteted Ringer*s InjectiorL 



14, A process for treating a patient in nieed 




represented formula I: 



O OH O 



'wherein: 



Q is selected from the gr6iq> consi^sti^ 



3? 



and 




M is selected from the groiq) consisting 6^^^ 

each R^ rVr^ rVR^ R^^ R^^ 

selected from the groij^ consisting of hydrogen, alkyl, substituted allgrl, aryl. 



21- 



wo 02/062338 PCT/US02/01102 

stibstituted aryl and heterocyclo, and wherein and are alkyl, they can be joined 
to form a cycloalkyl; 

R^ is selected from fhe group consisting of hydrogen, alkyi, substituted alkyl, 
aryl, substitated aryl, cycloal^ 

R* is selected from the group consisting of hydrogen, alkyl, substituted all^l, 
; R"CH3,R^^0C-d^ 

each and R^^ is, independently, selected from the group consisting of 
hydrogen, halogen^ alkyl, substituted alkyl, aryl, heterocyclp, hydroxy, R^/^G^^Q 
. . ; R^^OC=0;;- 

and any salts, solyaites, or hydrates thereof, comprising adininistering to said patient, 
by intravenous injection, an effective amount of a pharmaceutical composition of . 
-ciami 12. . ; " ; :. 

15. The process of claim 14 vSierein said diluent is Lactated Ringer's Loijectibii;: . 
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